1. Introduction
===============

Periprocedural myocardial injury (PMI) is a major complication that occurs after percutaneous coronary intervention (PCI) in patients with angina, and it is also considered to be a predictor of long-term adverse clinical events.^\[[@R1],[@R2]\]^ The PMI is often caused by distal thrombosis, collateral occlusion or stenosis, coronary artery spasm, and coronary dissection. Ischemic preconditioning (IPC) is a powerful form of endogenous myocardial protection for reducing perioperative myocardial injury, that is, transient ischemia reperfusion before long-term ischemia works well to reduce the area of myocardial infarction.^\[[@R3]--[@R5]\]^ This protective effect is equivalent to a "myocardial injury vaccine", but it must be triggered before the onset of myocardial ischemia; thus, its clinical application is greatly limited.

Some drugs have been proven to prevent PCI-induced PMI, and nicorandil works through dual anti-angina mechanisms. On one hand, nitrates can improve the symptoms of angina pectoris; on the other hand, as a mitochondrial ATP-sensitive potassium (mito-KATP) channel opener, nicorandil may mimic IPC to prevent oxidative stress injury and reduce the occurrence of arrhythmia and coronary spasm.^\[[@R6],[@R7]\]^ Wu et al^\[[@R8]\]^ conducted a meta-analysis that included a large number of studies on the effect of nicorandil on acute myocardial infarction (AMI) intervention. The conclusion suggests that nicorandil has a protective effect on PMI after primary PCI in AMI. However, in recent years, some clinical trials have found that the protective effect of nicorandil during elective PCI in patients with angina pectoris was not significantly different compared with the effect in the control group.^\[[@R9]--[@R11]\]^ Ye et al^\[[@R12]\]^ published a meta-analysis in 2017 that aimed to evaluate the effects of nicorandil on PMI in patients (regardless of whether they presented with angina pectoris) undergoing PCI, and they found that nicorandil could not reduce the incidence of PMI in most of the population. However, that meta-analysis did not include the clinical trial of Kawai et al,^\[[@R13]\]^ who found that nicorandil therapy can improve the slow coronary flow (SCF) phenomenon in the process of selective PCI for patients with stable angina. In addition, the meta-analysis did not include the study of Miyoshi et al^\[[@R11]\]^ due to the time of publication. Moreover, Ye et al did not provide a clear data analysis for PCI perioperative complications, target vessel revascularization (TVR) and major adverse cardiac events (MACE).

For this reason, we performed a clinical meta-analysis to evaluate the protective effects of nicorandil on PMI in patients with angina pectoris who underwent elective PCI in non Chinese population.

2. Methods
==========

2.1. Data sources
-----------------

The Medline, EMBASE, and Cochrane databases and the reference lists found in original and review articles were searched independently by 2 reviewers (Zhu, Xu) using medical subject heading terms, key words, titles, and abstracts. The search terms were "percutaneous coronary intervention," "PCI," "coronary angioplasty," "coronary stenting," paired with "nicorandil." All historical literature was searched up until July 2018. Language is limited to English only.

2.2. Study selection
--------------------

An initial eligibility screen of all retrieved titles and abstracts was conducted, and original studies were included in our meta-analysis if they met the following criteria: First, participants were human subjects. Second, participants were patients with angina pectoris and underwent elective PCI. Angina pectoris was defined as typical precordial chest pain, angiographic evidence of a stenosis \> 75% according to the American Heart Association (AHA) classification^\[[@R14]\]^ and no increase in serum creatine kinase (CK) activity. Third, participants were randomly assigned to receive either nicorandil or placebo. Fourth, nicorandil was 1st administered before PCI, and there was no limit to the duration of the drug delivery. Fifth, the study included sufficient data on myocardial injury biomarkers (data at baseline and at the end of the study and/or data on change in standardized mean difference (SMD) from baseline or appropriate data estimation), perioperative complications, TVR and MACE. Only fully published trials were included (abstracts and congress presentations were not included). The primary outcome is the occurrence of PMI, including 2 subgroups: myocardial injury biomarkers, including creatine kinase-MB (CK-MB) and troponin I (TNI); and perioperative complications, including no reflow (defined as an acute reduction in flow (at least 1 grade, as defined by the TIMI trial) in the absence of mechanical obstruction) or SCF (defined as corrected TIMI frame count \[cTFC\] \> 20 frames in the absence of mechanical obstruction), thrombolysis in myocardial infarction (TIMI) flow \< 3, acute thrombosis, coronary dissection, coronary artery spasm, collateral stenosis or occlusion, and ventricular arrhythmias requiring cardioversion. Secondary endpoints were cTFC, TVR, and MACE during follow-up, including all causes of death, cardiac death, acute coronary syndrome (ACS), heart failure, and cerebrovascular accident. Two investigators (Zhu, Xu) independently reviewed all full-text articles that potentially met the inclusion criteria according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.^\[[@R15]\]^ In cases of disagreement, a consensus was obtained by discussion with the 3rd author (Chen or Huang).

The exclusion criteria were as follows: First, non-randomized controlled trial (RCT); Second, patients with AMI and/or experienced primary PCI; Third, articles with incomplete or erroneous data; and Fourth, included participants were not clearly identified as having angina pectoris.

2.3. Data extraction
--------------------

The methods of data extraction referred to previous studies.^\[[@R16],[@R17]\]^ All selected papers were reviewed by 2 reviewers, who independently extracted data to a data sheet. Data extraction included year of publication, study design, sample size, patient characteristics, inclusion and exclusion criteria, control and intervention protocols, randomization, blinding, and follow-up, as well as the outcome parameters described above. With respect to biomarker data, we used the peak ratio from its baseline value as reported in the paper. The SMD was used for analysis as detection times and unit differed. Where data were presented in a graph but not in the text, we request the data from the corresponding author of the paper. If the data were not provided, we extrapolated them from the graph using a charting digital tool (GetData Graph Digitizer, [http://getdata-graph-digitizer.com](http://getdata-graph-digitizer.com/)). Following the extraction of relevant data by the 2 authors, data were examined for possible inconsistencies which were then resolved by discussion, and if consensus could not be reached, a 3rd author was consulted. Studies were not conducted directly on humans and ethical approval was therefore not necessary.

2.4. Quality assessment
-----------------------

Two authors used the 7 domains of the Cochrane risk of bias tool to evaluate the quality of the included studies, using the following criteria: randomization sequence generation, concealment of randomization sequence, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other bias. Studies were classified as having low risk, high risk, or unclear risk of bias for each item, as suggested in the Cochrane Handbook.^\[[@R18]\]^

2.5. Statistical analysis
-------------------------

The verified data were analyzed using Stata software (version 13.0; Stata Corporation, College Station, TX) and REVMAN software (version 5.2; Cochrane Collaboration, Oxford, UK). One investigator entered the data and another investigator verified data entry. The relative risk (RR) and SMD, and their corresponding 95% confidence intervals (CI), were calculated for dichotomous or continuous outcome data, respectively. A fixed effects model was used to analyze data with values higher than 0.10 by heterogeneity testing (χ^2^-based Q-test), while a random effects model was used when values were less than 0.10. DerSimonian-Laird (D+L) method was used in random effects model, and inverse variance (I-V) method and Mantel-Haenszel (M-H) method were used in fixed effects model. The magnitude of heterogeneity was assessed by I^2^ test (I^2^ = 0--25%, no heterogeneity; I^2^ = 25--50%, moderate heterogeneity; I^2^ = 50--75%, large heterogeneity; I^2^ = 75--100%, extreme heterogeneity). An intervention was assumed to have had a significant if the 95% CI did not include the value 1 for RR or 0 for SMD. Sensitivity analysis was performed for large heterogeneous results, and it was completed by the method of changing the effect model and the method of investigating the influence of a single study. In the analysis for small-study effects, publication bias was assessed using funnel plot techniques and Harbord' s test.^\[[@R19]\]^

3. Results
==========

3.1. Literature search
----------------------

The literature search identified 96 records of clinical trials in Medline, 196 records in EMBASE, and 93 records in the Cochrane databases (Fig. [1](#F1){ref-type="fig"}). After checking for duplicates, 196 unique references remained, and 174 of them were excluded for reasons such as patients were included in AMI and/or experienced emergency PCI or non-RCT; the remaining 22 full texts underwent further evaluation. Among these, 10 articles were excluded because they did not provide the necessary data for our meta-analysis: 1 article^\[[@R20]\]^ was excluded because the standard deviation (SD) of its myocardial injury biomarkers could not be obtained, 2 articles^\[[@R21],[@R22]\]^ were excluded because there was no placebo group, and 2 articles^\[[@R23],[@R24]\]^ were excluded because participants were not clearly identified as having angina pectoris.

![Flow diagram of study search and selection. AMI = acute myocardial infarction, PCI = percutaneous coronary intervention, RCT = randomized controlled trial.](medi-98-e14165-g001){#F1}

3.2. Nicorandil protocols
-------------------------

### 3.2.1. Nicorandil administration method

Nicorandil was administered by intravenous injection in 3 studies;^\[[@R11],[@R13],[@R25]\]^ Isono et al^\[[@R26]\]^ reported intravenous administration combined with oral administration. In 2 studies,^\[[@R9],[@R10]\]^ intracoronary administration was carried out; in 1 study, oral administration was reported^\[[@R27]\]^ (Table [1](#T1){ref-type="table"}).

###### 

Overview of included studies.
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### 3.2.2. Nicorandil administration time

In Miyoshi et al\'s research, the time of administration was at least 1 hour before PCI to 8 hours after surgery. The time of Shehata et al\'s administration was 1 week before surgery and 6 months after surgery. In 3 studies, nicorandil was given before PCI. Isono et al administered nicorandil between the perioperative period and 3 to 6 months after the operation, and Murakami et al administered nicorandil in the perioperative period of PCI (Table [1](#T1){ref-type="table"}).

### 3.2.3. Patient characteristics

The mean ages of the included patients ranged from 59.2 to 79.2 years (Table [2](#T2){ref-type="table"}); the percentages of males varied from 55.6% to 82.6%; and the percentages of smokers ranged from 26.6% to 69.4%. Patients with hypertension, diabetes, and hyperlipidemia, respectively, accounted for 52.0% to 83.6%, 30.7% to 100.0%, and 21.0% to 82.1%.

###### 

Patient characteristics.

![](medi-98-e14165-g003)

### 3.2.4. Primary outcome

The primary outcome includes 2 indicators: myocardial injury biomarkers and perioperative complications. The CK-MB and TNI were not reduced by nicorandil treatment (SMD 0.31 \[95%CI −0.6, 1.22\] for CK-MB and 1.29 \[95%CI −2.18, 4.76\] for TNI) compared with the control (Fig. [2](#F2){ref-type="fig"}**A** and B), and significant statistical heterogeneity was observed (χ^2^ = 57.24, I^2^ = 94.8%, and P~heterogeneity~ = 0 and χ^2^ = 329.94, I^2^ = 99.1%, and P~heterogeneity~ = 0, respectively). The results of perioperative complications showed no difference between the nicorandil and placebo groups (RR 0.91 \[95%CI 0.46--1.81\]), and there was no statistical heterogeneity (χ^2^ = 11.82, I^2^ = 66%, and *P*~heterogeneity~ = .02) (Fig. [2](#F2){ref-type="fig"}C).

![Forest plot of primary outcome. (**A**) Forest plot showing effects of nicorandil on change of CK-MB. A significant effect of nicorandil was assumed if the 95% CI did not include the value 0 for SMD. (**B**) Forest plot showing effects of nicorandil on change of TNI. A significant effect of nicorandil was assumed if the 95% CI did not include the value 0 for SMD. (**C**) Forest plot showing effects of nicorandil on incidence of perioperative complications. A significant effect of nicorandil was assumed if the 95% CI did not include the value 1 for RR. CI = confidence interval, CK-MB = creatine kinase-MB, D+L = DerSimonian-Laird, I-V = inverse variance, M-H = Mantel-Haenszel, RR = relative risk, TNI = troponin I, SMD = standardized mean difference.](medi-98-e14165-g004){#F2}

### 3.2.5. Secondary outcome

Compared with TIMI blood flow classification, cTFC is a more objective index of continuous variables, so it is of great value to evaluate coronary blood flow after PCI. The CTFC was significantly decreased by nicorandil treatment (SMD −0.30 \[95%CI −0.52, −0.09\]) (Fig. [3](#F3){ref-type="fig"}A) compared with CTFC in the placebo group, and no statistical heterogeneity was found (χ^2^ = 0.18, I^2^ = 0%, and *P*~heterogeneity~ = .68). The TVR results showed no significant difference between the 2 groups (RR 0.79 \[95%CI 0.50--1.25\]) (Fig. [3](#F3){ref-type="fig"}B), with no statistical heterogeneity (χ^2^ = 3.51, I^2^ = 0%, and *P*~heterogeneity~ = .476). The results also showed that nicorandil did not significantly reduce the incidence of MACE (0.83 \[95%CI 0.49--1.43\]) (Fig. [3](#F3){ref-type="fig"}C) compared with the incidence in the placebo group, and there was no evidence for statistical heterogeneity (χ^2^ = 3.42, I^2^ = 0%, and *P*~heterogeneity~ = .490).

![Forest plot of secondary outcome. (**A**) Forest plot showing effects of nicorandil on change of cTFC. A significant effect of nicorandil was assumed if the 95% CI did not include the value 0 for SMD. (**B**) Forest plot showing effects of nicorandil on incidence of TVR. A significant effect of nicorandil was assumed if the 95% CI did not include the value 1 for RR. (**C**) Forest plot showing effects of nicorandil on incidence of MACE. A significant effect of nicorandil was assumed if the 95% CI did not include the value 1 for RR. CI = confidence interval, cTFC = corrected TIMI frame count, MACE = major adverse cardiac events, RR = relative risk, SMD = standardized mean difference, TVR = target vessel revascularization.](medi-98-e14165-g005){#F3}

### 3.2.6. Sensitivity analysis

Sensitivity analysis was performed for large heterogeneous results. Firstly, we evaluated the robustness of the outcomes of CK-MB, TNI and perioperative complications by the method of changing the effect model. The point estimation and interval of CK-MB were (SMD 0.31 \[95% CI-0.60, 1.22\]) by the D+L method and (0.18 \[−0.02, 0.37\]) by the I-V method. Similarly, the result of D+L method for TNI was (1.29 \[2.18, 4.76\]), while that of I-V method for TNI was (0.25 \[−0.56, 0.05\]). The result of D+L method for perioperative complications was (0.89 \[0.49, 1.64\]), while that of M-H method for perioperative complications was (0.81 \[0.55, 1.17\]). The results of the 2 models have no significant difference, suggesting that these results are robust. In addition, the method of investigating the influence of a single study was implemented, and sensitivity analysis charts showed good robustness of outcomes of CK-MB, TNI and perioperative complications (Supplementary Figs. 1--3).

### 3.2.7. Quality of studies

All studies referred to randomized groups; 2 of the studies were randomized by computers and are considered low risk^\[[@R13],[@R27]\]^ (Fig. [4](#F4){ref-type="fig"}); the remaining studies did not elaborate on the methods of randomization and are considered to have unclear risk. Miyoshi et al randomized participants by using a secure web site, and Kawai et al randomized participants by hiding group assignments in closed envelopes, so they are considered low risk; the remaining articles did not clarify how they randomized groups. Kawai et al conducted a double-blind study, and the blinding method was implemented through a colorless transparent bottle and solution, so its performance bias is considered to be low risk. Miyoshi et al conducted an open study, so the results are likely to be biased, and its performance bias is considered to be high risk. For the remaining studies, it is unclear whether effective blinding of participants and personnel was implemented. In the study of Kawai et al, the outcome evaluator is ignorant of the entire process of treatment allocation, so its detection bias is also considered to be low risk. Miyoshi et al conducted an open study, and the outcome evaluation is likely to be affected, so it is considered to be high risk. For the remaining articles, it is unclear whether effective blinding of outcomes assessment is implemented. There are data missing in 2 articles. In Kawail et al\'s research, 21 people treated with nicorandil and 23 people in the placebo group were lost to follow up, but the missing data do not affect the results, and thus, the study was defined as low risk. In Miyoshi et al\'s study, 17 people treated with nicorandil and 16 people in the placebo group did not complete the study, but the missing data do not affect the results, and thus, it was defined as low risk. For the remaining studies, the effects of attrition bias were unclear, and thus, they were considered to have unclear risk. No selectivity bias or other bias was found in any of the studies.

![Risk of bias summary.](medi-98-e14165-g006){#F4}

### 3.2.8. Publication bias

The funnel plot in the studies of perioperative complications was visually symmetric, and a statistical analysis of the funnel plot also suggested that no publication bias was present (Harbord\'s test, *P* = .137) (Fig. [5](#F5){ref-type="fig"}).

![Harbord\'s funnel plot for evaluating the publication bias in the studies of perioperative complications.](medi-98-e14165-g007){#F5}

4. Discussion
=============

The main findings of this study were that nicorandil did not significantly improve PMI in patients with angina pectoris, including markers of myocardial injury and complications during the perioperative period of PCI. In addition, although nicorandil can reduce the cTFC compared to the placebo group, the occurrence of TVR and MACE has not been significantly improved in the nicorandil group. Myocardial injury biomarkers are relatively intuitive and simple indicators to evaluate PMI. In this meta-analysis, we included TNI and CK-MB, but these 2 results showed that nicorandil did not reduce the level of myocardial damage markers in patients with angina pectoris and undergoing elective PCI. The complications of PMI are more likely to assess the prognosis of the patients as a direct correlation with PCI than the biomarkers of myocardial injury, so it is also considered the primary outcome of this meta-analysis. However, our results suggest that perioperative complications have not been reduced with nicorandil treatment.

Compared with the TIMI flow classification, cTFC is a more objective continuous variable index, and it can be considered as a quantified indicator of no reflow and SCF. Our results indicate that it is the only index in our meta-analysis to indicate that nicorandil can improve PMI. For this purpose, we only merge the data of no reflow and slow flow phenomenon in PMI. Interestingly, nicorandil still can significantly improve the phenomenon of no reflow and slow flow (Supplementary Fig. 4). The reason that TVR and MACE are divided into 2 secondary endpoints is because they have some repeatability because MACE includes ACS, and the occurrence of ACS is likely to require TVR. The results of TVR and MACE suggest that nicorandil seem to improve perioperative myocardial injury, but there is no statistically significant difference.

Such results seem to be contrary to the conclusion of Wu et al, but the conclusion of our meta-analysis does not intend to deny the protection of nicorandil, which is the same as our starting point, that the IPC caused by recurrent angina pectoris may weaken the effect of nicorandil. The Lambiase et al^\[[@R28]\]^ study of IPC caused by exercise showed that IPC had 2 time protection windows: the 1st protective window faded within 90 minutes, and the 2nd window appeared after 24 hours and could be maintained for 72 hours. Therefore, if patients suffer from angina pectoris just 4 days before PCI, the protective effect of IPC will be activated during PCI. In addition, one of the criteria for the exclusion of Matsuo et al\'s^\[[@R29]\]^ study is the occurrence of angina 7 days before coronary angiography; the results suggest that nicorandil can improve PMI in patients undergoing percutaneous transluminal coronary angioplasty. Therefore, it is possible that the perioperative myocardial protection of nicorandil is weakened by sudden angina. In other words, angina patients undergoing selective PCI may be insensitive to the response of nicorandil, compared with AMI patients with primary PCI. However, nicorandil seems to retain a part of perioperative myocardial protection, that is, it can still reduce the occurrence of no reflow and SCF. In addition, whether the dosage of nicorandil needs to be increased in angina patients is still without any clinical evidence.

There are some limitations in this meta-analysis. First, in this analysis, in addition to patients with angina, the 2 studies^\[[@R11],[@R25]\]^ also included some patients with asymptomatic myocardial ischemia and old myocardial infarction who may have no IPC; however, in patients with angina, it is also difficult to determine if they suffered from angina pectoris just 4 days before PCI. Our results also showed that the possible existence of preconditioning has significantly affected the protective effect of nicorandil, so this limitation is not inconsistent with our conclusion. Second, the proportion of patients with diabetes is 30.7% to 100%, and oral sulfonylureas are thought to inhibit the effects of nicorandil.^\[[@R30]\]^ However, the exclusion criteria for Miyoshi et al included patients taking oral sulfonylureas, and the conclusion still suggested nicorandil is ineffective. Several other studies^\[[@R13],[@R25],[@R26]\]^ neglected to exclude patients taking oral sulfonylureas, and the final results still showed that nicorandil had a good protective effect. Therefore, we consider that the interference of oral sulfonylureas is not a key factor in the effectiveness of nicorandil.

An important limitation of most of these studies is that they had an inadequate blinding design for performance and outcome assessment, which is seemingly more difficult to achieve in RCTs than in trials investigating a pharmacological agent. In this meta-analysis, in addition to Kawai et al\'s research, other studies may have bias in performance and outcome evaluation.

Overall, our meta-analysis showed that the efficacy of nicorandil in patients with angina pectoris who underwent elective PCI is not as significant as that in patients with angina pectoris who underwent primary PCI, but it still has a certain myocardial protective effect, which is to reduce the occurrence of no reflow and SCF. The cause of this phenomenon may be that ischemic preconditioning weakens nicorandil\'s myocardial protection. The effects of these 2 protective measures are the same instead of synergism, so our results also suggest that nicorandil may share a protective pathway with ischemic preconditioning that plays the same or similar role as ischemic preconditioning. However, this study is based on a small number of subjects, and there are no clear data about the onset time of angina pectoris before PCI. Moreover, inadequate blinding designs may lead to bias in the data. Therefore, large-scale clinical trials still need to be carried out to further confirm the perioperative myocardial protective effect of nicorandil for patients with angina pectoris undergoing elective PCI.
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